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After the age of 40, the amount of growth hormonein humans decreases. The reduced activity of the GH-IGF axis may play a role
in age-related cognitive impairments. In the present study, mood and cognition of 30 healthy subjects (7 males, 23 females, aged
41–76 yr, mean age 60.9 ± 9.0) were examined twice. At baseline, we determined fasting blood levels of GH and IGF-I. Mood
and cognitive status were assessed at baseline and after, on the average, 3 years and 9 months of followup. Working memory
performance decreased over the years in the low IGF-group (P = .007), but not the high IGF-I group. Higher levels of GH were
related with a better working memory at the second test (r = 0.42, P = .01) while higher levels of IGF-I tended to be related with
a better working memory (r = 0.3, P = .06). The results suggest that higher serum levels of GH and IGF-I preserve the quality of
working memory functions over the years.
1.Introduction
Growth hormone (GH) is secreted from the pituitary gland
and stimulates the liverto produceinsulin-like growth factor
I (IGF-I). After the age of 40 the amount of growth hormone
in humans progressively decreases and an increasing age-
associated cognitive impairment is seen, as compared to
subjects aged between 20 and 30yrs [1, 2]. As IGF-I levels
have been found associated with mood as well as cognitive
functioning, the reduced circulating IGF-I levels may play
arolein age-relatedpsychologicalimpairments.With respect
to mood, adults with growth hormone deﬁciency (GHD),
a pathological state characterized by low IGF-I levels, feel
less energetic, are emotionally more labile and experience
feelings of social isolation at a signiﬁcantly higher frequency
than controls [3]. With respect to cognitive functions, IGF-
I plasma levels of healthy elderly were positively associated
with mini mental state examination (MMSE) scores [4].
Similarly, IGF-I levels in elderly healthy men were found to
be associated with betterperformance in tests sensitive to the
eﬀects of aging, especially ﬂuid intelligence [5]a n dv e r b a l
ﬂuency and MMSE [6]. With respect to age-related cognitive
impairments, higher serum total IGF-I levels in healthy
subjects above 55 years were associated with less cognitive
decline over the following two years. The Mini-Mental
State Examination (MMSE) was used to assess cognitive
impairment at baseline and cognitive decline after, on the
average, 1.9 year of follow-up [7]. In two studies separate in
males and females, cognitive functions ofsubjects of 65 years
and older were related to levels of free IGF-I and IGF-I to
IGFBP-3 molar ratio determined from stored blood samples.
Cognitive functions were assessed by means of telephone-
based tests. Levels of free IGF-I measured in blood samples
collected at a mean age of 57 years in men were positively
related to globaland verbal memory performance on average
of18yearslater,and IGF-Ilevelscollectedatamean ageof56
years in women to general cognition on average of 10 years
later. These results indicate that higher midlife free IGF-I
may be associated with better late-life cognition [8, 9]. Quite
recently, low IGF-I levels were found to be associated with2 ISRN Endocrinology
cognitivedeclineinhypertensiveelderlysubjectsaged65year
and older [10] and with a prolonged latency of the P300
event-related potential, which may predict cognitive decline,
in males aged between 30 and 50 years [11].
Increasing knowledge is present on the mechanisms
underlying the relationship between the GH-IGF-I axis and
brain function. For instance, there is evidence that GH can
cross the blood-brain barrier [12], and binding sites for GH
andIGF-Iare foundin thebrainin thechoroidplexus,hypo-
thalamus, putamen, thalamus, and hippocampus[13, 14]. In
thesebrainareas, which playaroleinmoodandmemory, the
number of GH receptors declines with aging [15]. In addi-
tion, IGF-I potentiates acetylcholine release from the hip-
pocampus, and aging is associated with a dramatic reduction
of IGF-I protein levels and receptor density in this structure
[16, 17].
IGF-I has important functions in the development and
diﬀerentiation of the central nervous system [18]. Growth
and development of neurons in the dentate gyrus of the hip-
pocampus are modulated by IGF-I. With aging reductions
in IGF levels and in neurogenesis are shown. For instance,
plasma concentrations of IGF-I, IGF-II and IGFBP3 were
foundtobereducedinsubjectsaged65to92yearspresenting
no malnutrition and no inﬂammation as compared to
healthy controls aged 20 to 65 years [19].
AsIGF-Ilevelsfallwithagingandcorrelatewithcognitive
decline, the possible role of IGF-I levels in the development
of dementia has been examined. For instance, the relation-
ship between the hypothalamus-pituitary-adrenal function,
IGF-I and IGF-binding proteins (IGFBPs) was studied in
patientswithAlzheimer’sdisease(AD).PatientswithADhad
lowered IGF-I and IGFBP-3 levels and higher IGFBP-1 levels
compared to controls [20]. IGF-I levels correlated inversely
with cognitive impairment. In another study in 49 healthy
centenarians (mean age 100.4 year), cognitive functioning
was assessed by clinical dementia rating. Centenarians with
lower IGF-I levels had higher prevalence of dementia [21].
In a previous study we explored the stimulatory eﬀect of
a nutritional supplement on the GH-IGF-I axis and cogni-
tioninhealthysubjects(aged40to76).SerumGH,IGF-Iand
cognitive function were assessed at baseline and again after
three weeks. Disregarding the eﬀects of treatment, we found
that a higher increase in IGF-I across sessions was related to
more improvement in working memory and vigor [22].
The objective of the present study was to evaluate
whether the GH-IGF-I status determined approximately 4
years earlier in middle-aged and elderly healthy subjects is
predictive for their later mood state and/or cognitive fun-
ctioning. We administered a parallel version of the psycho-
logical tests used almost 4 years earlier to the same subjects
to evaluate the relationship between previously determined
GH/ IGF-I levels and later test performance. We hypothe-
sized that higher IGF-I and/or GH levels are associated with
better psychological functions determined four years later.
2.Materialsand Methods
2.1. Subjects. A number of 30 apparently healthy subjects (7
males, 23 females, aged 41 to 76 years, mean age 60.9 ± 9.0)
participated in this study. They previously participated in a
study on the eﬀect of a nutritional food supplement on GH
and IGF-I plasma levels and cognitive function [22]. The
total group of subjects participating in the original study
consisted of 42healthy nonobese volunteers,14 males and 28
females, aged 40 to 76 years. At baseline, blood was collected
for the measurement of serum GH and IGF-I levels. At the
end of 2005, all participants received a written invitation
to take part in a follow-up study, consisting of a parallel
version of the psychological tests. From these 42 subjects,
30 responded and underwent a second test administration,
separated by about 4 years from the ﬁrst study. Mean
baseline values of the participating subjects were for GH
6.7nmol/L(SD=13.2)andforIGF-I18.2nmol/L(SD=6.0).
Excluded at baseline were subjects with professional sports
participation,vegetarians, alcoholconsumers(>3units/day),
dieters, subjects addicted to substance abuse, subjects who
used, within 1 month prior to start of the study, hypnotics,
antidepressants, or nutritional supplements. The study was
conducted according to the Declaration of Helsinki and was
approved by the Ethics Committee of the VU University
M e d i c a lC e n t e r .A l ls u b j e c t sg a v et h e i rw r i t t e ni n f o r m e d
consent before inclusion in the study. The baseline data
collection of this study took place January–February 2002
and the second data collection in October–November2005.
2.2. Tests and Procedure. Subjects were examined individu-
ally in a quiet room. The sequence of the tests was the same
for all subjects, and the test procedure as a whole took about
45 minutes.
A parallel version of the tests used in the previous study
[22], and selected from the Neurobehavioral Evaluation
System (NES) [23], was administered by means of a personal
computer.
2.2.1. Mood
The Proﬁle of Mood States (POMS). It is a self-administered
questionnaire in which the subjects rate themselves with
respect to their feelings over the previous 3 days. The
shortened Dutchversionof32itemswas used,which consists
ofﬁvesubscales:depression,anger ,fatigue,vigor ,tensionand
a total mood score (average of all subscales). In the present
study, we evaluated fatigue, vigor and total mood. Responses
are made by choosing from ﬁve response alternatives. Score:
The rating (1–5) on each item and the scale to which each
item contributes is recorded. With respect to Vigor a higher
score corresponds to a bettermood state. Forthe otherscales
a higher score points to a worse mood state.
2.2.2. Short-Term Memory and Intermediate Memory
Associate Learning Task. Nine word pairs consisting of
a name and an occupation were displayed on a computer
screen at a constant rate of one pair per 3 seconds. After
these pairs were presented, the subject was asked to choose
one of the nine occupation alternatives. After each answer,
the results were given in the following manner: “Yes, John
is a grocer,” or “No, Susan is a teacher.” Three trials wereISRN Endocrinology 3
given in which the subject has to learn as many paired names
and occupations as possible. By means of this recognition
procedure short-term verbal learning is measured. Score: the
total of correct associations (maximum score: 27).
Visual Digit Span Task. A sequence of digits was presented
one at a time to the subject. After the whole sequence was
presented, the subject was required to enter the sequence
on the computer keyboard. Increasingly longer spans of
digits were presented, until the subject made two errors at
a span length. Score the length of the longest span answered
correctly (maximum score: 9).
Associative Learning Delayed Recognition Task. To assess
intermediate recall, a single recognition trial of the nine
names to be matched with one of the nine occupations used
in the associate learning test was administered at the end of
the testing session. Score: the number of correct responses
(maximum score: 9).
2.2.3. Working Memory (WM)
Digit Span Backward. In the second part of the visual digit
span task the subject was asked to respond with the order
of digits reversed (backward), measuring working memory
performance. Score: the length of the longest span answered
correctly (maximum score 8).
WM Composite. We assessed prefrontal functions by calcu-
lating a working memory score composed by adding the
score on the ﬁrst trial of the associate learning task and
the score on the digit span backwards task. As these two
tasks require the most active manipulation of the material
to be remembered a summation of the scores represents a
scoreforworkingmemory capacity.Score:thesumofcorrect
responses of the ﬁrst trial of the associate learning task and
the score on the digit span backwards (maximum score: 17).
2.3. Baseline Hormone Assays. Blood samples were taken
once, that is at baseline a 5-cc venous blood sample was
drawn afteran overnightfast fordetermination ofserumGH
and IGF-I levels. The blood samples were centrifuged (10
minutes, 3500r.p.m. at 4◦C) and serum was stored at −20◦C
until analysis.
Serum GH and IGF-I levels were measured using com-
mercially available assays (GH, immunometric assay, Sorin
Biomedica,SaluggiaItaly;IGF-I,Chemoluminiscentic,Nich-
ols Institute Diagnostics, San Juan Capristrano, USA). The
detection limits for GH and IGF-I are 1.0mU/L (0.5μg/L)
and 0.6nmol/L, respectively. The intra-assay coeﬃcient of
variation (CV) for GH is 4% at serum GH of 4mU/L. The
interassay coeﬃcient of variation for GH is 9% at serum GH
of 2.5mU/L and 8% at serum GH of 8.6mU/L. For IGF-I
the intra-assay coeﬃcient of variation is 3% at serum IGF-
I of 20nmol/L and the inter assay coeﬃcient of variation is
6% at serum IGF-I of 33nmol/L and 8% at serum IGF-I of
7nmol/L.
2.4. Data Analysis. Data were analysed by means of ANOVA
with groups (low/high GH/IGF-I) as independent factor and
session as repeated measurements factor (original baseline
and present study). Subjects with GH values above the
median GH (median GH = 2.25nmol/L) were assigned to
the high GH group (n = 15) and those with values below
the median to the low GH group (n = 15). Similarly,
a distinction was made between a group with IGF-I values
above (n = 15) and a group with values below the
median (n = 15; median IGF-I = 17.5nmol/L). In case an
interaction was found between group and session, paired t-
tests (one-tailed) were performed. In addition, we calculated
the bivariate Pearson correlation coeﬃcientbetween GHand
IGF-I levels and the partial correlation coeﬃcient between
GH/IGF-I values and test scores at the second session
controlling for the baseline test scores.
Signiﬁcance level was deﬁned as P ≤ .05. Tests were
one tailed, based on the assumption that higher GH/IGF-
I values would be associated with better test scores at the
second session relative to baseline. Data were analysed using
the SPSS version 14 software package (SPSS Inc., Chicago,
USA).
3.Results
The serum GH and IGF-I levels of 30 subjects out of the
original group of 42 subjects could be related to scores on
the psychological tests. Baseline data were similar for the 30
volunteers and 12 nonparticipating subjects, except for GH
level, nonparticipating subjects having lower GH (but not
IGF-I) levels (P = .03).
With regard to the GH-IGF-I axis, the Pearson correla-
tion between GH and IGF-I values was signiﬁcant (r = 0.43,
P = .009). With respect to the GH groups, the mean GH
value in the low group was 0.8mU/L (SD = 0.6) and in the
high group 12.5mU/L (SD = 16.9). In addition, the mean
IGF-I value in the low IGF-I group was 13.8nmol/L (SD =
2.8) and in the high IGF-I group 22.5nmol/L (SD = 5.05).
ANOVA indicated a signiﬁcant main eﬀect for session for
digit span backward (baseline, mean = 5.2, SD = 1.7; session
2, mean = 4.47, SD = 1.3; F (1, 28) = 8.5, P = .007, η2 =
0.23) and WM composite (Baseline, mean = 9.23, SD = 2.5;
session 2, mean = 8.17, SD = 2.27; F (1,28) = 4.8, P = .037,
η2 = 0.15. This means that working memory performance
was decreased in the total group of subjects during the 4-
year interval. Mean values of mood and memory scores are
presented in Table 1.
With respect to the POMS, an interaction between GH
or IGF-I group and session was not found, indicating no
diﬀerential eﬀect of GH/IGF-I group on mood parameters.
Regarding the memory tests, there was no interaction
between GH group and session. However, a tendency for
an interaction between IGF-I group and session was found
for digit span backwards and WM composite (F (1,28) =
3.4, P = .07, η2 = 0.11, and F (1,28) = 3.2, P = .086,
η2 = 0.1, resp.). Paired t-tests indicated a signiﬁcant decrease
in digit span backward and WM composite in the low IGF-
Ig r o u p( t(14) = 2.08, P = .007, and t(14) = 2.6, P = .02,
resp.) whereas no signiﬁcant eﬀect was found in the high4 ISRN Endocrinology
Table 1: Mean mood and memory performance scores (±SD) for the low (n = 15; mean IGF-I = 13.8nmol/L) and high (n = 15; mean
IGF-I = 22.5nmol/L)IGF-I groups.Higher scoresforfatigue,moodtotal,andsymbol-digitcorrespond to worseperformance. Higherscores
for the other tests correspond to better performance.
Low IGF-I High IGF-I
Baseline Session2 Baseline Session2
Vigor 3.25 ± 0.8 3.48 ± 0.7 3.39 ± 0.91 3.23 ± 1.21
Fatigue 2.73 ± 0.65 2.52 ± 0.7 2.84 ± 0.95 2.77 ± 1.21
Mood total 1.51 ± 0.31 1.55 ± 0.3 1.64 ± 0.41 1.64 ± 0.62
Associate learning trial 1 4.33 ± 2.09 3.6 ± 1.96 3.37 ± 1.7 3.80 ± 2.21
Associate learning trial 2 5.0 ± 1.81 4.67 ± 2.44 4.8 ± 1.97 4.53 ± 2.1
Associate learning trial 3 6.2 ± 2.18 6.13 ± 1.64 5.2 ± 2.30 5.4 ± 1.80
Associate recall 6.4 ± 2.2 5.6 ± 2.77 5.13 ± 2.10 5.47 ± 2.39
Digit span forward 6.13 ± 1.64 6.0 ± 1.0 6.0 ± 1.56 5.53 ± 1.64
Digit span backward 5.47 ± 1.55 4.27 ± 1.22 4.93 ± 1.83 4.67 ± 1.44
Symbol-digit (error) 2.47 ± 5.54 1.6 ± 2.67 3.36 ± 4.74 1.45 ± 1.69
WM composite 9.8 ± 2.48 7.87 ± 2.10 8.67 ± 3.13 8.47 ± 2.47
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Figure 1: Mean scores (±SE) on digit span backward at baseline
and session 2 for the low (n = 15; mean IGF-I = 13.8nmol/L) and
high (n = 15; mean IGF-I = 22.5nmol/L) IGF-I groups.
IGF-I group. This result indicates that working memory
performance inthelowIGF-groupdecreased acrosstheyears
while the working memory in the high IGF-I group was not
signiﬁcantly decreased relative to baseline (Figure 1).
In addition to the ANOVA with repeated measurements,
we calculated the partial correlation coeﬃcient between the
baseline values of at one hand GH and IGF-I and on the
other hand the psychological test scores at the second test
session. The baseline test scores were controlled for. There
were no signiﬁcant correlations between GH or IGF-I with
moodstateparameters.However,GHcorrelatedsigniﬁcantly
with the scores on the ﬁrst trial of associate learning (r =
0.39, P = .02) while IGF-I values tended to correlate with
t h es c o r e so nt h i st e s t( r = 0.25, P = .09). With respect to
WMcomposite,GHsigniﬁcantlycorrelatedwiththesescores
(r = 0.42, P = .01) and IGF-I tended to correlate (r = 0.3,
P = .06) suggesting that higher GH and IGF-I values are
related with a better working memory at the second test
session.
4.Discussion
In the present study, we examined whether higher con-
centrations of GH and/or IGF-I levels in healthy adults
above 40 years are indicative of their psychological functions
about 4 years later. Contrary to our previously observed
associations between IGF-I levels and mood parameters in
healthy subjects [22], we found no association between IGF-
I concentration and mood status. The results of the analyses
of variance indicate that the concentration of IGF-I was
related to memory performance determined 4 years later.
The group with higher IGF-I levelsshowed a relatively better
memory performance at the second test session. In contrast,
no diﬀerences between the low and high GH groups were
seen with respect to psychological test scores. The corre-
lation analyses indicated signiﬁcant associations between
GH values and memory and a trend towards signiﬁcant
associations between IGF-Ivalues and memory. As GHlevels
were only determined in one daily sample, it was surprising
to observe signiﬁcant associations between GH and memory
parameters. A single determination of the GH concentration
is assumed not to be very reliable because GH is secreted
in a pulsatile fashion, with 2/3 of the daily secretion taking
place at night. However, although in the present study
the correlation coeﬃcient between concentrations of GH
and IGF-I levels was not very substantial, the levels were
signiﬁcantly associated. Thus, a single determination of GH
may yet be reliable enough to reveal relationships between
the GH/IGF-I axis and psychological parameters. Indeed,ISRN Endocrinology 5
it has been shown that, because of homeostatic control
mechanisms within the GH-IGF-I axis, the day to day mean
mass of GH secretion per burst and the serial orderliness
of the GH release in healthy persons is strongly preserved
across a wide span of ages and body-compositions [24]. For
instance, the intraindividual mean mass of GH secretion
per burst has been found to be highly conserved across
sessions (r = 0.93) and consecutive days (r = 0.92) in
healthy men (age range, 29–77yr) from whom every 10min
blood samples were drawn during 48 hours. As we did not
observe diﬀerences between the high and low GH groups
on psychological parameters but yet found that GH and
cognitive functions were correlated, it may well be true that
the interindividual and intraindividual variability in GH
levels results in a higher sensitivity to observe associations
between the GH/IGF-axis and memory functions than is
the case for IGF-I. Thus, the more stable IGF-I marker
for GH status may be more appropriate for discerning
cognitive diﬀerencesbetween IGF-I groups, but less sensitive
for detecting interindividual associations between GH/IGF-I
axis and cognitive parameters.
The present results indicate that there is a relationship
between GH and IGF-I levels and cognitive performance
in healthy adults across the years. Higher levels of GH and
IGF-I seem to be related to a better memory performance
in the consecutive years. Regrettably, because of practical
constraints, we were not able to take blood samples for
determination of serum GH and IGF-I at the second test
session. It may thus well be true that intermediating factors
account for the observed relationship between GH/IGF-
I and memory. One such factor may be lifestyle. For
example, food or sport habits associated with the original
baseline GH and IGF-I serum levels may explain the better
memory performance at the second test session. Although
professional sports participants and users of nutritional
supplementswere excludedat baseline, itcannot be excluded
that subjects diﬀered with respect to healthy life style habits.
A healthier life style may improve mental functions directly
or indirectly by increasing GH/IGF-I levels.
The results of the present study suggest a relation
between the GH/IGF-I axis and working memory. The
digit span backward task used in the present study may be
assumed to be quite powerful, because remembering in the
reverse order increases task load substantially. Indeed, the
high and low IGF-I groups were distinguishable on this task,
the high IGF-I group performing better. Thus, especially
the performance on a working memory task with high task
load may diﬀerentiate groups. The eﬀects of the GH/IGF
axis on memory may be attributed to neurophysiological
mechanisms associated with the regenerative action of IGF-
I, but also GH, in the adult CNS or be due to an increase
of locally produced IGF-I within the brain [25]. Speciﬁ-
cally, these underlying mechanisms may be related to the
presence of IGF-I receptors in the frontal cortex and to
neuroprotective eﬀects of IGF-I with respect to cholinergic
neurons in the forebrain [26]. In addition, as is stated in
the Introduction, IGF potentiates acetylcholine release from
the hippocampus and modulates growth and development
ofneuronsin the dentategyrusof thehippocampus [16–18].
The involvement of the GH/IGF-I axis in the activity of the
hippocampus and prefrontal cortex is associated with the
N-methyl-D-aspartate (NMDA) receptor. GH substitution
in GH-deﬁcient patients has been found to increase CSF
levels of aspartate [12], an excitatory amino acid which is
a ligand for the N-methyl-D-aspartate (NMDA) receptor.
Activation of the NMDA receptor contributes to long-term
potentiation of synaptic eﬃcacy in the hippocampus, which
is considered to be an inherent mechanism of memory
consolidation in the mammalian brain [27]. Moreover, it has
been shown that activation of NMDA receptors in the basal
forebrain modiﬁes attentional functions [28].
A former fMRI study showed that GH-deﬁcient patients
had a higher than normal activity in parietal cortex and pre-
frontal cortex during the performance of a working memory
task,whichmaybeduetocompensatoryrecruitmentofthese
brain regions [29]. These ﬁndings indicate that the GH/IGF-
I axis contributes to prefrontal functioning and may thus
mediate and preserve memory functions.
Overall, we conclude that circulating GH, and IGF-I
levels may inﬂuence cognitive functions, higher serum levels
of GH and IGF-I preserving the quality of working memory
functions over the years.
Conﬂictof Interests
The authors have no conﬂicts of interest to disclose.
References
[ 1 ]J .B .D e i j e n ,H .d eB o e r ,G .J .B l o k ,a n dE .A .v a nd e rV e e n ,
“Cognitive impairments and mood disturbances in growth
hormone deﬁcient men,” Psychoneuroendocrinology,v o l .2 1 ,
no. 3, pp. 313–322, 1996.
[2] D. S.Woodruﬀ-Pak, The Neuropsychologyof Aging, chapter 11,
Blackwell , Oxford, UK, 1997.
[3] P. Burman and J. B. Deijen, “Quality of life and cognitive
function in patients with pituitary insuﬃciency,” Psychother-
apy and Psychosomatics,vol. 67, no. 3, pp. 154–167, 1998.
[4] A. Rollero, G. Murialdo, S. Fonzi et al., “Relationship between
cognitive function, growth hormone and insulin-like growth
factor I plasma levels in aged subjects,” Neuropsychobiology,
vol. 38, no. 2, pp. 73–79, 1998.
[5] A. Aleman, W. R. de Vries, H. P. F. Koppeschaar et al., “Rela-
tionship between circulating levels of sex hormones and
insulin-like growth factor-1 and ﬂuid intelligence in older
men,”Experimental Aging Research,vol.27,no.3,pp.283–291,
2001.
[6] W. K. Al-Delaimy, D. von Muhlen, and E. Barrett-Connor,
“Insulinlikegrowth factor-1, insulinlikegrowth factor binding
protein-1, and cognitive function in older men and women,”
Journal of the American Geriatrics Society,v o l .5 7 ,n o .8 ,p p .
1441–1446, 2009.
[ 7 ]S .K a l m i j n ,J .A .M .J .L .J a n s s e n ,H .A .P .P o l s ,S .W .J .
Lamberts, and M. M. B. Breteler, “A prospective study on
circulating insulin-like growth factor I (IGF-I), IGF-binding
proteins, and cognitive function in the elderly,” Journal of
Clinical Endocrinology and Metabolism, vol. 85, no. 12, pp.
4551–4555, 2000.
[ 8 ]O .I .O k e r e k e ,J .H .K a n g ,J .M a ,J .M .G a z i a n o ,a n d
F. Grodstein, “Midlife plasma insulin-like growth factor I6 ISRN Endocrinology
and cognitive function in older men,” Journal of Clinical
Endocrinology and Metabolism, vol. 91, no. 11, pp. 4306–4312,
2006.
[ 9 ]O .O k e r e k e ,J .H .K a n g ,J .M a ,S .E .H a n k i n s o n ,M .N .P o l l a k ,
and F. Grodstein, “Plasma IGF-I levels and cognitive perfor-
mance in older women,” Neurobiology of Aging, vol. 28, no. 1,
pp. 135–142, 2007.
[10] A. Angelini, C. Bendini, F. Neviani et al., “Insulin-like growth
factor-1 (IGF-1): relation with cognitive functioning and neu-
roimagingmarkerofbraindamageinasampleofhypertensive
elderlysubjects,”ArchivesofGerontologyandGeriatrics,vol.49,
pp. 5–12, 2009.
[ 1 1 ]E .R .B r a v e r m a n ,T .J .C h e n ,A .L .C h e ne ta l . ,“ P r e l i m i n a r y
investigation of plasma levels of sex hormones and human
growth factor(s), and P300 latency as correlates to cognitive
decline as a function of gender,” BMC Research Notes,v o l .2 ,
article no. 126, 2009.
[ 1 2 ]P .B u r m a n ,J .H e t t a ,L .W i d e ,J .E .M ˚ ansson, R. Ekman, and
F. A. Karlsson, “Growth hormone treatment aﬀects brain
neurotransmitters and thyroxine,” Clinical Endocrinology,v o l .
44, no. 3, pp. 319–324, 1996.
[ 1 3 ]A .A d e m ,S .S .J o s s a n ,R .d ’ A r g ye ta l . ,“ I n s u l i n - l i k eg r o w t h
factor 1 (IGF-1) receptors in the human brain: quantitative
autoradiographic localization,”Brain Research, vol. 503, no. 2,
pp. 299–303, 1989.
[14] F. Nyberg, “Growth hormone in the brain: characteristics of
speciﬁc brain targets for the hormone and their functional
signiﬁcance,” Frontiers in Neuroendocrinology,v o l .2 1 ,n o .4 ,
pp. 330–348, 2000.
[15] Z.Lai,P.Roos,Q.Zhaietal.,“Age-related reduction ofhuman
growth hormone-binding sites in the human brain,” Brain
Research, vol. 621, no. 2, pp. 260–266, 1993.
[16] S. Kar, D. Seto, S. Dor´ e, U. K. Hanisch, and R. Quirion,
“Insulin-like growth factors-I and -II diﬀerentially regulate
endogenous acetylcholine release from the rat hippocampal
formation,” Proceedings of the National Academy of Sciences of
the United States of America, vol. 94, no. 25, pp. 14054–14059,
1997.
[ 1 7 ]M .L a i ,C .J .H i b b e r d ,P .D .G l u c k m a n ,a n dJ .R .S e c k l ,
“Reduced expressionofinsulin-likegrowthfactor1messenger
RNA in the hippocampus of aged rats,” Neuroscience Letters,
vol. 288, no. 1, pp. 66–70, 2000.
[18] W. M. Creyghton, P. S. Van Dam, and H. P. F. Koppeschaar,
“The role of the somatotropic system in cognition and other
cerebral functions,” Seminars in Vascular Medicine,v o l .4 ,n o .
2, pp. 167–172, 2004.
[19] A. Raynaud-Simon, L. Perin, S. Meaume, B. Ducos, M. C.
Postel-Vinay, and Y. Le Bouc, “Levels of plasma insulin-
like growth factor I (IGF I), IGF II, IGF binding proteins,
type 1 IGF receptor and growth hormone binding protein
in community-dwelling elderly subjects with no malnutrition
and no inﬂammation,”Journal of Nutrition, Health and Aging,
vol. 7, no. 4, pp. 267–273, 2003.
[ 2 0 ]G .M u r i a l d o ,A .B a r r e c a ,F .N o b i l ie ta l . ,“ R e l a t i o n s h i p s
between cortisol, dehydroepiandrosterone sulphate and in-
sulin-like growth factor-I system in dementia,” Journal of En-
docrinological Investigation, vol. 24, no. 3, pp. 139–146, 2001.
[21] Y. Arai, N. Hirose, K. Yamamura et al., “Serum insulin-like
growth factor-1 in centenarians: implications of IGF-1 as
a rapid turnover protein,” Journals of Gerontology—Series A ,
vol. 56, no. 2, pp. M79–M82, 2001.
[ 2 2 ]L .I .A r w e r t ,J .B .D e i j e n ,a n dM .L .D r e n t ,“ E ﬀects of an oral
mixture containingglycine,glutamineand niacinon memory,
GH and IGF-I secretion in middle-aged and elderly subjects,”
Nutritional Neuroscience, vol. 6, no. 5, pp. 269–275, 2003.
[23] R. Letz,“Covariates ofcomputerizedneurobehavioraltestper-
formance in epidemiologic investigations,” Environmental
Research, vol. 61, no. 1, pp. 124–132, 1993.
[24] K. Friend, A. Iranmanesh,and J. D. Veldhuis, “The orderliness
of the growth hormone (GH) release process and the mean
massofGH secreted per burst arehighlyconservedinindivid-
ual men on successive days,” Journal of Clinical Endocrinology
and Metabolism, vol. 81, no. 10, pp. 3746–3753, 1996.
[25] N. D. ˚ Aberg, K. G. Brywe, and J. Isgaard, “Aspects of growth
hormone and insulin-like growth factor-I related to neu-
roprotection, regeneration, and functional plasticity in the
adult brain,” TheScientiﬁcWorldJournal, vol. 6, pp. 53–80,
2006.
[26] S. Jaﬀe r a l i ,Y .D u m o n t ,F .S o t t y ,Y .R o b i t a i l l e ,R .Q u i r i o n ,
and S. Kar, “Insulin-like growth factor-I and its receptor in
the frontal cortex, hippocampus, and cerebellum of normal
human and Alzheimer disease brains,” Synapse,v o l .3 8 ,n o .4 ,
pp. 450–459, 2000.
[27] D. Gardner, “Synaptic transmission,” in Neuroscience in
Medicine, pp. 75–114, J. B. Lippincott, Philadelphia, Pa, USA,
1995.
[28] J. Turchi and M. Sarter, “Bidirectional modulation of basal
forebrain N-methyl-D-aspartate receptor function diﬀeren-
tially aﬀects visual attention but not visual discrimination
performance,” Neuroscience,vol.104,no.2,pp.407–417,2001.
[ 2 9 ]L .I .A r w e r t ,D .J .V e l t m a n ,J .B .D e i j e n ,P .S .V a nD a m ,H .A .
Delemarre-van DeWaal, and M. L. Drent, “Growth hormone
deﬁciency and memory functioning in adults visualized by
functional magnetic resonance imaging,” Neuroendocrinology,
vol. 82, no. 1, pp. 32–40, 2005.